Abstract: A green, genereal and efficient synthesis of amidoalkyl naphthols using succinic acid as a catalyst for the three-component condensation reaction of 2-naphthol, aldehydes and amides/urea under thermal solvent-free conditions is described. The advantages of this protocol are excellent yields, short reaction time, simple work-up, higher availability economical attraction, low cost catalyst, lack of toxicity and more environmentally friendly catalyst.
Introduction
One pot multicomponent reactions (MCRs) have attracted considerable interest owing to their exceptional synthetic efficiency. The structure of the reaction product can easily be diversified by the systematic variation of each input. Moreover, the starting materials are either commercially available or easy to prepare 1 . Some examples of MCRs are Biginelli 2 , Ugi 3 , Passerini 4 and Mannich 5 . Compounds bearing the 1,3-amino-oxygenated functional groups are ubiquitous to a variety of biologically important natural products and potent drugs including a number of nucleoside antibiotics and HIV protease inhibitors such as ritonavir, lipinavir and the hypotensive 6 . In addition, the bradycardiac effects of these compounds have been evaluated 7 . The importance of amidoalkyl naphthols for their synthesis has attracted renewed attention and various improved procedures have been reported. Amidoalkyl naphthols can be prepared by the condensation of aromatic aldehydes, 2-naphthol and amides, urea or acetonitrile in the presence of a Lewis or Brønsted acid catalysts. Several methods have been documented in the literature for synthesis of these compounds such as montmorillonite K10 clay 8 25 , trityl chloride 26 and bismuth(III) nitrate pentahydrate 27 .
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However, most of these methods have drawbacks, such as highly toxic catalysts, environmental pollution caused by using an organic solvent, expensive catalysts or difficult preparation, unavailable reagents, prolonged reaction times and unsatisfactory yields. Therefore, it is necessary to further develop an efficient one-pot multicomponent synthesis of amidoalkyl naphthols without these problems. It is well known that homogeneous catalysts have gained attraction in recent years due to their operational simplicity, low cost, ease of preparation and handling, stability, lack of toxicity, economical and environmental consideration. One of these homogeneous catalysts is succinic acid (c 4 -dicarboxylic acid). Succinic acid is a common metabolite in plants, animals and microorganisms and has been used widely in agricultural, food and pharmaceutical industries 28 . This acid has holds good industrial applications and is used in industries such as, resins, polymer, paints, cosmetics and inks, etc. 29 . To date, the economically renewable resources used in succinic acid production reported are cheese whey 30 
Experimental
Melting points and IR spectra were measured on a Electrothermal 9100 apparatus and a JASCO FT/ IR-460 plus spectrometer, respectively. The 1 HNMR spectra were obtained on Bruker DRX-400 Avance instruments with DMSO as a solvent. All reagents and solvents obtained from Fluka and Merck were used without further purification.
General procedure for the synthesis of amidoalkyl naphthols (4)
A mixture of 2-naphthol (1 mmol), aromatic aldehyde (1 mmol), amide (1.3 mmol) and succinic acid (5 mol %) was stirred at 120 °C in an oil bath. After completion of the reaction (monitored by TLC), the reaction mixture was cooled to r.t, and washed with H 2 O (3 × 10 mL). The catalyst is solvable in water and was removed from the reaction mixture. Then the residue was recrystallized from EtOH. 
Results and Discussion
In continuation of our work on MCRs 36-40 , we report a general, efficient and green protocol for the synthesis of amidoalkyl naphthol derivatives from various aromatic aldehydes, 2-naphthol and amides/urea using catalytic amounts of succinic acid (5 mol %) as an effective and cost efficient catalyst under solvent-free conditions (Scheme 1). RCONH 2 NHCOR Scheme 1. One-pot three-component synthesis of amidoalkyl naphthols 4 Succinic acid is a readily available, low cost reagent; it can conveniently be handled, and removed from the reaction mixture. Thus, the remarkable catalytic activities together with its operational simplicity make it the most suitable catalyst for the synthesis of amidoalkyl naphthols.
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In order to optimize the reaction conditions, various reaction media were screened using the model reaction of 2-naphthol, benzaldehyde and acetamide in the presence of succinic acid was performed under solvent-free conditions (Table 1 ). It was found that the best results were obtained with 5 mol % succinic acid under solvent-free conditions (Table 1 , entry 8). The reaction was completed within 38 min and the expected product was obtained in a 92% yield, while diminishing the amount of catalyst would decrease the product yield (Table 1, entry 6, 7) . It is noteworthy that the increasing the catalyst loading to 10, 15 and 20 mol% had no an improving effect on the yield of the product (Table 1 , entry 5, 9, 10). In the absence of any catalyst, no desirable product could be detected (Table 1 , entry 11). A variety of aromatic aldehydes, 2-naphthol and different amides, including acetamide, benzamide and urea, were submitted to these reaction conditions and the desired products were obtained in good to excellent yields (Table 2) . In all cases, amidoalkyl naphthols were the sole products and no by-product was observed. Aromatic aldehydes carrying either electron-withdrawing or electron-donating groups reacted successfully and gave the desired products in high yields. A possible mechanism for this transformation is proposed in Scheme 2. As reported in the literature 11 , reaction of 2-naphthol with aldehydes in the presence of an acid catalyst is known to give ortho-quinone methides (o-QMs). The same o-QMs, generated in situ, have been reacted with amides via conjugate addition to form 1-amidoalkyl-2-naphthol derivatives 4a-aj. 12 in the synthesis of 1-amidomethyl-2-naphthol derivatives. As can be seen from Table 3 , succinic acid is an efficient catalyst in the formation of 1-amidoalkyl-2-naphthol with high yields and shorter reaction times.
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Conclusion
we have developed a new, general and efficient procedure for the one-pot synthesis of amidoalkyl naphthols by coupling various aromatic aldehydes with amides or urea and 2-naphthol using succinic acid as a reaction mediator under solvent-free conditions. This protocol has the advantages of shorter reaction times, low costs, solvent-free condition, easy work-up, excellent yields, elimination of solvents, environmentally friendliness and it follows the principles of green chemistry. Along with the use of succinic acid as a highly efficient, low cost, non-toxic, environmentally friendly, readily available reagent which can be conveniently be handled and removed from the reaction mixture. We believe that this procedure is convenient, economical, and eco-friendly process for the synthesis of amidoalkyl naphthols of biological and medicinal importance.
